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(57) Abstract 

A low-soiids gas generating composition has a fuel of guanidine nitrate, nitroguanidine, ccUulose, cellulose acetate, hexamine or 
mixtures thereof, with an oxidizer of eerie ammonium nitrate, lithium nitrate, lithium perchlorate, sodium peichlorate, phase stabilized 
animonhira nitrate, e*g., a combination of ammonium nitrate with potassium nitrate, p tassiimi pen:hlQrate or mixtures tiieieof such that tiie 
combination is a solid solution for phase stabilization, a mixture of ammonium perchlorate with at least one alkali metal salt, r mixtures 
thereof. The oxidizeiyfuel mixture is within about 4 % of stoichiomeoic balance. Additives such as HMX, RDX, or fumed siUca may be 
added, and the composition may be in the form of pellets, grains or granules. 
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The invention generally relates to gas generating 
5 compositions or gas generants, such as those used in «air 
bag" passive restraint systems, m particular, the invention 
relates to non-azide gas generants having a low solids output 
on combustion. 



10 



The inf lator in a vehicle air bag passive restraint 
system provides the gas required to deploy and fin the air 
bag in a matter of milliseconds when an actuation signal is 
received by the system. The air bag inf lator must perform 
15 properly during an accident at any point in the useful life 
of the vehicle. The fact that an inflator may be required to 
rapidly fill an air bag after 10 or more years of storage 
places a number of constraints on inflator design, which are 
dictated by the required performance of the restraint system, 
20 i.e., the time required for the full deployment of the air 
bag, reliability (including environmental exposure and 
storage life) , the safety and health of vehicle occupants, 
air bag volume, and the interface between the restraint 
system and the vehicle. The inflator specification that 
25 results from these constraints defines the form, fit, and 
function criteria for the inflator. 

The restraint system performance is dictated, in 
part, by the need to fill and deploy the air bag in a matter 
of milliseconds. Under representative conditions, only about 
30 60 milliseconds elapse between the primary impact of a 

vehicle in an accident and the secondary ia^iact of the driver 
or passenger (herein after "an occupant") with a portion of 
the vehicle interior; "Therefore, a very rapid generation or 
release of gas is required to fill the bag, and prevent the 
35 secondary impact. The amount and rate of gas generation or 
release is determined by the volume of the air bag required 
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In addition, to meet environmental and occupant 

safety and health requirements, - the- inflation gas produced hv 
S the inflator should he non-toxic and non-no.io!s ZTZ 

xnflator xs functioned in an air bag module in a typical 
vehicle. The gas generated or released must also have a 
temperature that is sufficiently low to avoid burning the 
occupant and the air bag, and it must be chemically Ler! 
that the mechanical strength and integrity of the Lr^'not 
degraded by the gas. 

The stability and reliability of an inflator gas 
generant over the life of the vehicle are extremely 
f^^^"*- ^« generant must be stable over a wide range 

Of temperature and humidity conditions, and should be 
resistant to shock, so that the propellant pellets, grains 
granules, etc. maintain mechanical strength and integrity ' 
during the life of the vehicle. 

vehicle manufacturers have developed a number of 
29 quantitative tests to determine whether an air bag restraint 
system will operate reliably when needed during any part of a 
vehicle's useful life. Although these tests and the 
performance requirements that an inflator should meet in 
these tests vary somewhat from manufacturer to manufacturer 
ms the design criteria of all the vehicle manufacturers are ' 
essentially the same. 

In a typical prior art passive restraint system the 
inflation gas is nitrogen, which is produced by the 
decomposition reaction of a gas generant containing a metal 

38 aside, typically sodium aside (Mai^) . m.^ metal aside is the 
fuel and the principal gas generating compound in the gas 
generant used in the inflator. a typical metal aside gas 
generant is disclosed in U.S. Reissue Patent No. Re, 32,584. 

The gas produced in sodium aside based inflators is 

3S all nitrogen. Because there is no carbon in the fuel, oxides 
of nitrogen, WO., can be controlled easily by running the 
propellant under slightly fuel rich conditions, m contrast 
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tne combustion of gas generants c ntaining carbon, nitrogen 
and oxygen, when formulated to be fuel rich, results in the' 
production f carbon monoxide (CO) , a toxic gas. if excess ' 
oxygen is present in such a composition to assure the 
ii coaplete oxidation of CO to carbon dioxide, the excess oxygen 
will react with nitrogen at the propellant combustion 
teB^erature to form oxides of nitrogen, which can also be 
toxic. Therefore, the mixture of oxidizer and fuel must . 
approach a stoichiometric balance in gas generants of this 
10 type to avoid the production of toxic gases. 

Inf later designs based on sodium azide have been 
shown to meet the requirements of vehicle manufacturers, and 
are used today in most passive restraint systems. However 
there are disadvantages to this technology, including the ' 
15 production of large quantities of hot, solid particulates 

during combustion, which results in added complexity and cost 
in the inf later design. The relatively high toxicity of the 
raw sodium azide (oral rat ld^ of about 45 mg/kg) , which must 
be handled during the inflator manufacturing process, can 
20 also create a disposal problem at the end of the useful life 
of the vehicle. Because typical gas generants used in 
inflators produce solid particulates, filters must be 
incorporated into the inflator to separate the hot 
particulates from the gas prior to exhausting the gas from 
25 the inflator into the air bag. Filters are required in 
virtually all driver and passenger side air bag inflators 
that incorporate purely pyrotechnic gas generants, including 
sodium azide based air bag inflators. The solids produced 
during the combustion of the gas generant are separated from 
30 the gas stream to prevent exposure of vehicle occupants to 
excessive or toxic levels of airborne particulates during and 
after air bag deployment. The need for filters, as well as 
the toxicity of the sodium azide, adds to the cost of 
producing a typical prior art inflator. 

Jyj^otechnic compositions typically comprise a fuel 
and an oxidizer or, in the case of nonopropellants, such as 
nitrocellulose, a fuel having an integral oxidizer. Most 
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pyrotechnic oxidizers produce significant aaounts of solids 
in the process of decomposing to provide an oxidizing agent 
such as oxygen. As it is important to provide an inflator ' 
gas having a temperature sufficiently low to avoid burning 
5 the air. bag or the vehicle occupants, gas generants that burn 
faster and better at lo^er temperatures, but tend to produce 
significant quantities of particulates, are often utilized i„ 
air bag- inflators. 

Oxidizers that produce low amounts of particulates 
1® during the combustion of a gas generant are available but 
Often produce toxic byproducts. For example, gas generants 
that use ammonium perchlorate as the sole oxidizer typically 
burn rapidly without producing large amounts of solid 
particulates. However, ammonium perchlorate produces large 
iS quantities of hydrogen chloride (HCl) during combustion, and 
exceeds the toxicity limits placed on an inflator gas for a 
vehicle air bag. Thus, gas generants containing ammonium 
perchlorate cannot be used in vehicle passive restraint 
systems without some means of trapping or neutralizing the 
2© HCl produced during combustion. 

•"Hybrid- inflators that use stored pressurized gas 
for part of the inflator gas supply are another means used to 
control solid particulate production, since smaller amounts 
of solid particulate producing gas generant can be used to 
2S obtain the same inflator gas output, m addition, the stored 
pressurized gas, which is typically an inert gas mixed with 
oxygen to supplement combustion and decrease the level of 
toxics, cools the gas that flows from the inflator, and 
results in a greater degree of condensation and 
3© solidification within the inflator. Thus, the amount of 
particulates introduced into the air bag and the vebicle 
interior is reduced. 

The combination of greater condensation of solids 
within the inflator and the reduction in the total amount of 
35 solids produced eliminates the need for filters in hybrid 
inflators. However, hybrid inflators have two main 
disadvantages; l. They are typically larger and heavier, and 
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2. They have decreased reliability resulting from storing a 
pressurized gas over the lifetime of the vehicle. 

U.S. Patent No. 5,538,567 discloses a gas 
generating propellant, which produces nitrogen, carbon 
5 dibxide, and steam on combustion, consisting essentially of 
guanidine nitrate, a flow enhancer, such as carbon black, a 
binder, such as calcium resinate, and an oxidizer select^ 
from the group consisting of potassium perchlorate and 
ammonium perchlorate. The production of only nitrogen, 
10 carbon dioxi<ae, steam, and minor amounts of hydrogen a^d 
carbon monoxide is disclosed. However, only a single 
composition comprising potassium perchlorate is exemplified 
There is no example of coit«.ositions incorporating ammonium * 
perchlorate, which produces significant quantities of 
15 hydrogen chloride (HCl) during combustion. 

U.S. Patent No. 5,545,272 discloses a gas 
generating coa^josition consisting essentially of about 35 to 
55 percent by weight nitroguanidine and about 45 to 65 
percent by weight phase stabilized ammonium nitrate, and may 
20 include a flow enhancer or a molding facilitator. The phase 
stabilizer is typically a potassium salt. Although ammonium 
nitrate produces clean- non-toxic gases, and is free of solids 
upon combustion, ammonium nitrate has a crystal transition or 
phase stability problem, resulting from the four phase 
25 transitions ammonium nitrate crystals undergo over the 

temperature range typically experienced in storage. Each of 
these transitions results in a change of crystal volume, 
which may cause a slow brealcup of propellent grains during 
thermal cycling from high to low temperature. However, 
30 ammonium nitrate crystals can be "phase stabilized" using 
additives, such as potassium perchlorate and potassium 
nitrate. The effectiveness of these additives varies 
depending upon the pArticular additive used. However, most 
of the known additives useful as phase stabilizers produce 
35 solids upon combustion, and, thus, increase the production of 
solids by the propellant. 
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The present invention is directed to low solids 
producing gas generants that minimize or eliminate the need 
for inf lator filters or other means for separating solids 
from the gases produced. 

s . 

The present invention relates to a low^aolids gas 
generating composition, comprising a mixture of a fuel 
selected from the group consisting of guanidine nitrate 
a® nitroguanidinei, cellulose, cellulose acetate, hexamine 'and 
mixtures thereof, and an oxidizer selected from the group 
consisting of eerie ammonium nitrate, lithivim nitrate, 
lithium perchlorate, sodium perchlorate, phased stabilized 
anmonium nitrate, a combination of ammonium nitrate vith 
as potassium nitrate, potassium perchlorate, or mixtures 

thereof, such that the combination is a solid solution a 
mixture of ammonium perchlorate and at least one alkali metal 
salt, and mixtures thereof, where the fuel is not 
nitroguanidine when the oxidizer comprises ammonium nitrate 
2© The oxidizer-fuel mixture is within about 4 percent of 
stoichiometric balance, and produces low solids on 
combustion. Useful alkali metal salts include lithium 
carbonate, lithium nitrate, sodium nitrate, potassium 
nitrate, and mixtures thereof. The combination of ammonium 
2S nitrate with other salts in solid solution is intended to 
phase stabilize the ammonium nitrate. 

The preferred oxidizers for the gas generating 
composition of the invention are eerie ammonium nitrate, 
lithium nitrate, lithium perchlorate, sodium perchlorate, a 
3© combination of ammonium nitrate with potassium nitrate, 
potassium perchlorate, or mixtures thereof, such that the 
combination is a solid solution, a mixture of ammonium 
perchlorate and at least one alkali metal salt, and mixtures 
thereof. The most preferred fuels are guanidine nitrate, 
35 nitroguanidine, and mixtures thereof. However, other 
preferred compositions use cellulose, cellulose acetate, 
hexamine, and mixtures thereof as fuels. 
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In addition, the gas generating composition nay 
Include an energizing agent, such as 

hexahydro-l,3,5-trinitro-l,3,5-tria2ine (RDX) or 

. octahydiro-l,3,5,7-tetranitre^l,3,5,7-tetraa2ocine (hmx) . The 
S gas generating composition of the invention may further 
comprise a sub-aicron (i.e., having an average particle sire 
of less than about l ^m) fumed silica, such as Cabosil* t 
reduce moisture contamination and serve as a processing 'and 
powder flow aid. The compositions of the invention nay be in 
10 the form of pressed pellets, grains, granules, or powder, and 
may also include a binder. ' 

The preferred gas generating compositions of the 
invention include the following mixtures: 

Guanidine nitrate and an oxidizer comprising a 
IS combination of ammonium nitrate and potassium perchlorate 
and sub-micron fumed silica; more preferably, from about Is 
to about 54 percent guanidine nitrate, from about 2 6 to about 
52 percent ammonium nitrate, and from about 3 to about 20 
percent potassium perchlorate; most preferably, about so 
20 percent guanidine nitrate, about 39 percent ammonium nitrate, 
and about ll percent potassium perchlorate. 

Guanidine nitrate and a combination of ammonium 
nitrate and potassium nitrate; more preferably from about 37 
to about 46 percent guanidine nitrate, from about 34 to about 
25 60 percent ammonium nitrate, and from about 3 to about 20 
percent potassium nitrate; most preferably about 46 percent 
guanidine nitrate, about 49 percent ammonium nitrate, and 
about 6 percent potassium nitrate. 

Guanidine nitrate and an oxidizer comprising a 
30 mixture of anmonium perchlorate and sodium nitrate; more 
preferably from about 54 to about 67 percent guanidine 
nitrate and from about _33 to about 46 percent oxidizer, 
wherein the oxidizer comprises ammonium perchlorate and 
sodium nitrate in a mole ratio of about l mole of ammonium 
35 perchlorate to about i to about 4 moles of sodium nitrate- 
aost preferably, about 59 percent guanidine nitrate, about 23 
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percent aoononiuiii perchlorate, and about 18 percent sodiua 

ni-tra-te o 

Guanidine nitrate and an oxidizer comprising a mixture 
of ammonium perchlorate and lithium carbonate; more 
1 preferably, from about 41 to about 57 percent guanidine 
nitrate and from about 43 to about 59 percent oxidizer 
Wherein . the oxidizer comprises ammonium perchlorate and 
lithium carbonate in a mole ratio of about i mole of ammonium 
perchloral* to about i to about i, 4 moles of lithium 
a® carbonate; most preferably; about 47 percent guanidine 

nxtrate, about 40 percent ammonium perchlorate, and about 13 
percent lithium carbonate. 

Guanidine nitrate and an oxidizer comprising a 
mixture of ammonium perchlorate and lithium nitrate- more 

as preferably, from about 56 to about 68 percent guanidine 
nitrate and from about 32 to about 44 percent oxidizer 
wherein the oxidizer comprises ammonium perchlorate and 
lithium nitrate in a mole ratio of about l mole of ammonium 
perchlorate to about 1 to about 8 moles of lithium nitrate- 

26 most preferably, about 61 percent guanidine nitrate, about'24 
percent ammonium perchlorate, and about 15 percent lithium 
nitrate . 

Guanidine nitrate and an oxidizer comprising a 
mixture of ammonium perchlorate and potassium nitrate; more 

25 preferably, from about 50 to about 64 percent guanidine 
nitrate and from about 36 to about 50 percent oxidizer, 
Wherein the oxidizer comprises ammonium perchlorate and 
potassium nitrate in a mole ratio of about 1 mole of ammonium 
perchlorate to about l to about 2 moles of potassium nitrate; 

30 most preferably, about 57 percent guanidine nitrate, about 23 
percent ammonium perchlorate, and about 20 percent potassium 
nitrate. 

Guanidine nitrate and eerie ammonium nitrate; more 
preferably, from about 51 to about 65 percent guanidine 
as nitrate and from about 35 to about 49 percent eerie ammonium 
nitrate; most preferably, about 56 percent guanidine nitrate 
and about 44 percent eerie ammonium nitrate. 
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Guanidine nitra-te and lithium nitrate; more 
preferably, from about 61 to about 70 percent guanidine 
nitrate and from about 30 to about 39 percent lithium 
. nitrate; most preferably, about- 68 percent guanidine nitrate 
5 and about 32 percent lithium nitrate, 

Guanidine nitrate and lithium perchlorate; more 
preferably, frwn about 65 to about 75 percent guanidine 
nitrate and from about 25 to about 35 percent lithium 
perchlorate; most preferably, about 68 percent guanidine 
10 nitrate and ^bout 32 percent lithium perchlorate. 

Kitroguanidine and an oxidizer comprising a mixture 
of ammonium perchlorate and lithium carbonate; more 
preferably, from about 38 to about 53 percent nitroguahidine 
and from about 47 to about 62 percent oxidizer, wherein the 
15 oxidizer comprises ammonium perchlorate and lithium carbonate 
in a mole ratio of about 1 mole of ammonium perchlorate to 
about 1 to about 1.3 moles of lithium carbonate; most 
preferably, about 44 percent nitroguanidine, about 42 percent 
ammonium perchlorate, and about 14 percent lithium carbonate. 

Nitroguanidine and an oxidizer comprising a mixture 
of ammonium perchlorate and sodium nitrate; more preferably, 
from about 50 to about 62 percent nitroguanidine, and from ' 
about 38 to about 50 percent oxidizer, wherein the oxidizer 
comprises ammonium perchlorate and sodium nitrate in a mole 
25 ratio of about l mole of ammonium perchlorate to about l to 
about 3 moles of sodium nitrate; most preferably, about 55 
percent nitroguanidine, about 26 percent ammonium 
perchlorate, and about 19 percent sodium nitrate. 

Nitroguanidine and lithium perchlorate; more 
30 preferably, from about 62 to about 71 percent nitroguanidine, 
and from about 29 to about 38 percent lithium perchlorate; 
most preferably, about 65 percent nitroguanidine and about 35 
percent lithium perchlorate. 

Nitroguanidine and eerie ammonium nitrate; more 
35 preferably, from about 48 to about 61 percent nitroguanidine 
and from about 39 to about 52 perc nt eerie ammonium nitrat ; 
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most preferably, about 53 percent nitroguanidine and about ^47 
percent eerie aamoniuai nitrate. 

cellulose and an oxidizer c uprising a ai3rt:ure of 
aamonium perchlorate and sodiua, hrtrate; acre preferable 
S from about 22 to about 28 percent cellulose and from ab^^t 72 
to about 78 percent oxidizer, irt^erein the oxidizer comprises 
ammonium perchlorate and sodium nitrate in a aole ratio of 
about 1 jaole of ammonium perchlorate to about i to about 4 
moles Of sodi«a nitrate? most preferably, about 24 percent 
cellulose, about 43 percent ammonium perchlorate, and about 
33 percent soditun nitrate. 

Hexaaine and an oxidizer comprising a mixture of 
ammonxum perchlorate and sodium nitrate; more preferably 
from about 14 to about 18 percent hexamine and from about 82 

as to about 86 percent oxidizer, wherein the oxidizer comprises 
ammonxum perchlorate and sodium nitrate in a aole ratio of 
about 1 Bole of ammoniua perchlorate to about 1 to about 4 
moles Of sodium nitrate? aost preferably, about is percent 
hexamine, about 48 percent ammonium perchlorate, and about 36 

30 percent sodium nitrate. 

Cellulose acetate and an oxidizer comprising a 
mixture of ammonium perchlorate and sodium nitrate; more 
preferably, from about 20 to about 25 percent cellulose 
acetate and from about 75 to about 80 percent oxidizer 

2S wherein the oxidizer comprises ammonium perchlorate and 
sodium nitrate in a aole ratio of about 1 mole of ammonium 
perchlorate to about 1 to about 4 moles of sodium nitrate- 
most preferably, about 22 percent cellulose acetate, aboui 44 
percent axamonium perchlorate, and about 34 percent sodium 

3© nitrate. 

Guanidine nitrate, RDX and/or HMX, and an oxidizer 
comprising a mixture of aomonium perchlorate and sodium 
nitrate; from about 12 to about 52 percent guanidine nitrate, 
^rom about 15 to about 45 percent Rdx and/or HMX, and from 
35 about 31 to about 45 percent oxidizer, wherein the oxidizer 
comprises ammonium perchlorate and sodium nitrate in a mole 
ratio of about l mole of ammonium perchlorate to about l to 
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abou-t 4 moles of sodiiim ni-trate; nost preferably, about: 30 
percent guanidine nitrate, about 32 percent rdx and/or HMX, 
about 21 percent ammonium perchlorate, and about 17 percent 
sodium nitrate. 

■ 

BRIgp DBacRiPn'T OM OF rmg DRAgiyq 
Fig. 1 is a graph of the results of a 60 liter 
closed tank performance test of an inf lator incorporating gas 
generant compositions gts described in the Example. 

10 

DBT3MLBD DB8CRTPTIQII OF TOE Pag pEH^gP RMBODTMEOT^S 
Unless otherwise stated, all references to 
"percent" or » %" mean percent by weight based on the total 
weight of the composition. 
^5 As used herein, the term "stoichiometric balance" 

means that the ratio of oxidizer to fuel is such that upon 
combustion of the conposition all of the fuel is fully 
oxidized, and no excess of oxygen is produced. A "near 
stoichiometric balance" is one in which the ratio of oxygen 
20 mass surplus or deficit to total mixture mass is within about 
4 percent of a stoichiometric balance. 

As used herein, the terms "low solids" and "low 
levels of solids" mean that, upon combustion, the gas 
generant produces substantially lower solids than gas 
25 generants used in prior art pyrotechnic inflators, such as 
sodium aizide based inflators, which produce about 60 percent 
solids on combustion. The gas generants of the invention 
typically produce less than about 30 percent solids. This is 
advantageous in that it minimizes or eliminates the need for 
30 a filter in the inflator, thus, simplifying inflator design. 

The compositions of the invention are low solids 
producing gas generants. Preferred embodiments of the. 
invention are well su'ited as non-azide gas generants for use 
in filterless vehicle air bag inflators, that is, gas 
35 generants that do not require a metal azide as a necessary 
component. The compositions disclosed herein produce low 
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levels of solifis during combustion, and minimize or eliminate 
the need for filters or hybrid operation. 

An example of a f ilterl ss inf lator is provided in 
U.S. Application Mo. 08/402,103; i^hich is incorporated herein 
3 by reference. The inf lator described in the above identified 
application coaaprises a contained volume, a source of gas for 
producing an inflation gas, an initiating system for 
initiating the conversion of the source of gas to the 
inflation gas^ and an exhaust orifice that provides an 
a® eachaust path and controls the flow of the inflation gas. The 
source of gas is typically a mi^etmre of a fuel and oxidizer 
that is stable, and will not ignite until the initiating 
system ignites the mixture to produce the inflation gas. 

A typical inf lator functions by converting an 
as electrical or mechanical initiating signal into the 

generation of a precisely controlled quantity of gas at 
precisely controlled rates. Generally, this is accomplished 
by an inflator pyrotechnic train, which comprises an 
'initiation* device called an initiator, an enhancer charge, 
2© and a main gas generant charge, all of which are contained in 
the body of the inflator. In response to the initiating 
signal, the initiator ignites and produces a hot gas, 
particulates, and/or flame. The flame output of the 
initiator is typically small, and often requires enhancement 
as to ignite the main gas generant charge. The initiator flame 
ignites the enhancer charge, which is a hot burning 
propcllant, and augments the initiator output sufficiently to 
ignite the main gas generant charge. Once ignited, the gas 
generant bums to produce the hot gas required at a rate 
3@ sufficient to fill the air bag module in the required time. 

Propellant compositions according to the invention 
are useful as both enhancers and gas generants. The claimed 
compositions provide a relatively clean gas that meets the 
requirements of the automotive air bag market, and produce 
as entrained solids in a quantity that is sufficiently low so as 
to not require the use of filters or supplemental stored gas. 
Although it is desirable in many applications for both the 
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gas generan-t and the enhancer t have a low solids output 
during combustion, it is particularly important for the gas 
generant, which is the principal source of gas for the 
inflator output. _ 

5 The fuels of the invention, guanidine nitrate, 

CH^NPj, nitroguanidine, CH^N^Oj, hexamethylene tetramine 
(hexamine), cellulose, and cellulose acetate, are 
hydrocarbons, containing only carbon, hydrogen, oxygen, and 
nitrogen. These fuels provide clean combustion products when 
10 properly mixed with an appropriate oxidizer. Most oxidizers 
used in the air bag industry produce significant quantities 
of solids. Therefore, the amount of solids produced by the 
combustion of the generant compositions of the invention is 
determined by the amount of oxidizer in the propel lant. 
15 Guanidine nitrate and nitroguanidine require a minimum 
quantity of oxidizer, and thus, produce low solids on 
combustion. Additionally, hexamethylene tetramine 
(hexamine) , cellulose, and cellulose acetate, are energetic 
fuels, which, when used in enhancer mixtures, produce 
20 sufficiently low quantities of solids to allow their use in 
filterless inflators. 

Oxidizers useful in the invention that produce low 
solids are eerie ammonium nitrate, lithium nitrate, lithiiam 
perchlorate, sodium perchlorate, phase stabilized ammonium 
25 nitrate, a combination of ammonium nitrate with potassium 
nitrate, potassium perchlorate, or mixtures thereof, such 
that the combination is a solid solution, a mixture of 
ammonium perchlorate and at least one alkali metal salt, and 
mixtures thereof, where the fuel is not nitroguanidine when 
30 the oxidizer comprises ammonium nitrate. The combination of 
ammonium nitrate with other salts in solid solution is 
intended to phase stabilize the ammonium nitrate. The 
preferred oxidizers are eerie ammonium nitrate, lithium 
nitrate, lithium perchlorate, sodium perchlorate, a mixture 
35 of ammonium perchlorate and at least one alkali metal salt, 
and mixtures thereof. 
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t^i-th an asononiiun perchlorate oxidizer, a higSU.y ' 
alkaline material must be produc d during coabustion of the 
gas generant to neutralize or scavenge HCl produced during 
combustiono Tbe allcali metal salts of the invention, LijCOj, 
S I<i£70,, WaMOs, emd KNO,, burn to form the corresponding alkali 
me^al oaeides (i,e.s LiaO, KajO, and Kp) , which, in turn, being 
eastremely alkaline, react with the HCl to form the alkali 
me^al chloride and water. The metal oxides produced by the 
corabustion of salts of metals other than the group alkali 

a® metals are typically not basic enough to effectively scavenge 
HCl . Alkali metal salts sure used with an ammonium 
perchlorate oxidizer in the compositions of the invention to 
meet representative gas toxicity requirements. As one of 
ordinary skill in the art will recognize, an ammonium 

iS perchlorate based oxidizer system can use a single alkali 
metal salt or multiple alkali metal salts mixed in any 
proportion, as long as the total amount of alkali metal oxide 
produced during combustion is at least sufficient to scavenge 
all of the HCl produced. One of ordinary skill in the art 

2® Vill also recognize that an excess amount of salt can be 

utilized, as long as the resulting composition is low solids 
producing. . 



The preferred guanidine nitrate and nitroguanidine 
gas generant fuels and the enhancer fuels of nitroguanidine, 

2S hexamelihylene tetramine (hexamine) , cellulose, cellulose 

acetate, or guanidine nitrate, mixed with at least one of RDX 
and/or HSSX, require a minimum amount of oxidizer, thus 
reducing solids production. With the appropriate choice of 
an oxidizer, the preferred fuels provide gas generahts and 

3© enhancers that produce low solids during combustion. 

For a particular fuel, a broad range of operating 
tea^eratures can be obtained by varying the oxidizer used, 
^ile maintaining a near .stoichiometric balance between the 
fuel and oxidizer. The sodium, and lithium perchlorate 

3S oxidizers provide gas generants with the highest flame 

temperatures, while the combination of ammonium perchlorate 
and lithium carbonate gives the lowest flame temperature with 
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wo 98/08782 



PCT/DS9«/14011 



a particular fuel. The ammoniuni perchlorate/ sodium nitrate 
system provides a flame temperature somewhere between these 
other systems, and, of the low hygroscopicity oxidizer 
systems, also provid s gas generants with the lowest solids. 
5 This system provides a combination of low solids, moderate 
energy, and controllable hygroscopicity. 

Although the gas generant coa^ositions of the 
invention can fianction as either the main gas generant or t^e 
enhancer charge in a pyrotechnic inflator, the functions of 
10 these charges differ, which dictates differences in the 
formulation of the coo^osition used for each charge. 

To meet representative toxicity requirements, the 
sum of the charges in a vehicle air bag inflator must 
approach a near stoichiometric balance of oxidizer and fuel. 
X5 For practical systems, the oxygen balance of the system must 
be within about 4 percent of the theoretical stoichiometric 
balance, or the gases produced will contain too much CO or 
NO,, depending on whether excess fuel or excess oxidizer is 
present. However, as long as the entire system is close to a 
20 stoichiometric balemce, and any divergence in the main charge 
is cQB^ensated for by an opposite divergence in the enhancer, 
the individual charges need not be in stoichiometric balance. 
For exaa^le, the main gas generant charge can be fuel rich if 
the enhancer charge is oxidizer rich, and the entire system 
25 is within about 4 percent of a stoichiometric balance, in 
general, however, having all charges in stoichiometric 
balance provides a lower level of toxic compounds in the 
inflator effluent gases. In light of these requirements for 
temperature, stoichiometry, and solids production, guanidine 
30 nitrate and nitroguanidine are preferred fuels. These fuels 
produce less than about 18 percent solids with the oxidizers 
listed above, and can produce significantly less than 18 
percent solids when used with certain oxidizer combinations 
discussed above, such as ammonium perchlorate /sodixim nitrate. 
35 Preferred, non-limiting guanidine nitrate and nitroguanidine 
based main charge gas generants that meet the requirements 
discussed above are. listed below. 



wo 98/08^2 ^ 

Guanidine Mi-trate/ATmnonium Ni trafce fphase s^-ahjiize,^^ 

49.4 % Guanidine Nitrate 
38.8 % ABunoniun Nitrate 

11*2 % Potassium Perchlorafee -(Phase stabilizer for ama 
o.S % Sub-micron Fumed Silica -".^iser xor AN) 

S 

Guanidine Nitrate /Aimaonium Mr trate /phase stg^^ijge*^^ 

45.3 % Guanidine Nitrate 

49.0 % Aamoniuat £9itrate 
5.5 % Potassium Nitrate (Phase stabilizer for AW) 

Guanidine Nitrate /Amnonium Pere Morate/Sodlun mfrT-ff t*" 

58 o 5 % Guanidine Nitrate 

23.5 % Ammonium Per chlorate 

17.8 % Sodium Nitrate 

0.2 % Siab-micron Fumed Silica 

Guanidine Witr'«»,»/ftT^.nTI^,.|«. p «rcfalQiTate/I.ithiniB Cayhryu ^^^ 

47.4 % Guanidine Nitrate 

39.5 % Ammonium Perchlorate 

13.1 % itithium Carbonate 

gwaniaine Nitrate /Ammonium Perchlorate / Lithium wi<; y.«<-o 

60.6 % Guanidine Nitrate 

24 . 3 % Ammonium Perchlorate 

14.9 % Lithium Nitrate 

0.2 % sub-micron Fumed Silica 

2S 

Guanidine Nitrate/AmwonlnTn Perchlora te /Potassium Nitrate 

56.7 % Guanidine Nitrate 

22.8 % Ammonium Perchlorate 
20.5 % Potassium Nitrate 

3@ 

Guanidine Nitrat e/Ceric Aiamonium Nitrate 

56.5 % Guanidine Nitrate 
43.5 % Ceric Ammonium Nitrate 

35 
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67.4 % Guanldlne Niiuratie 
32.3 % Lithium Nitrate 

0.3 % Sub-micron Fumed Silica 

Guanidine Wltra te /Lithium Peirghlorate 

68.2 % Guanidine Nitrate 

31.5 % Lithium Perchlorate 
0.3 % Sub-micron Fumed Silica 



43.6 % Nitroguanidine 

42.4 % Ammonium Perchlorate 

14. 0 % Lithium Ceurbonate 



25 



15 Nitroguanidine /Carie Aumt onium Nii-T!*-tt> , 

52.8 % Nitroguanidine 

47.2 % Ceric Ammonium Nitrate 

Sub-micron fmned silica, such as Cabosil«, a 
20 °* Cabot Corporation of Tuscola, Illinois, is 

typically added to compositions containing a hygroscopic 
Ingredient. Cabosilv and similar very fine, sub-micron 
particle size, high surface eurea fumed silicas, minimize 
contamination by moisture, and act as a flow aid when the 
compositions are in a powdered form prior to pressing into 
grains or pellets. 

Some of the fuels of the invention do not possess 
very good binding characteristics, and, thus, may require a 
binder for the formation of pellets, grains, or granules. 

with the exception of the guanidine 
nitrate/ammonium nitrate/potassium perchlorate composition, 
which is stoichiometrically balanced, the preferred 
compositions, listed, above, all contain sufficient oxidizer 
to produce a 1 percent by mass excess of oxygen. However, as 
noted above, a greater variation from stoichiometric balance 
is acceptable, as long as the oxygen balance is within about 
4 percent of the theoretical stoichiometric balance. 



30 



35 
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Wh n critical factors, such as hygr scopicity, 
fla«e temperature, mecJianical stability of propeliant grains, 
and minimuai solids production, are considered, the aost 
preferred main gas generant propellarits is the guanidine 
S nitrate/ aanttonium perchlorate/sodium nitrate ("GN/ap/sw") 
coa^osition set forth above. This composition provides good 
ballistic performance when pressed into aspirin sized 
tablets, and, if properly implemented in a vehicle air bag 
inflator, so that significant condensation of solids occurs 

a.® in the inflatbr, does not require an inflator filter. 
Tablets comprising the GH/AP/ SN composition have good 
mechanical strength and stability following thermal cycling. 
The GN/AP/SN propeliant is relatively non-hygroscopic, and is 
readily produced under reasonable temperature and humidity 

1.S conditions. 

In a typical inflator, the main gas generant charge 
is ignited by the combustion of the enhancer charge, and both 
charges produce the hot gas necessary to pressurize the 
inflator and fill the air bag. The enhancer charge should be 

20 readily ignited by a standard initiator, even at low ambient 
temperatures, and should burn hot. The flame temperature 
should be at least as hot as those produced by the main gas 
generant charge, and preferably hotter, m a typical 
inflator, the mass of the enhancer charge is much less than 

2S that of the main gas generant charge. Accordingly, the 

percentage of solids produced by combustion of the enhancer 
charge can be higher than that of the main gas generant 
charge. In practice, the solids production of an enhancer 
charge should be less than about 50 percent, but is 

3® preferably less than about 20 percent. 

As with the main propeliant charge, the enhancer 
propellent should be cIqs^ to a stoichiometric balance for 
oxidizer and fuel to meet the gas toxicity requirements for 
vehicle air bagf inflators. However, a stoichiometric balance 

3S is not as critical for the enhancer propellent compared to 
the main gas generant because the output of the enhancer is 
small in comparison to the total inflator output. 

- 18 - 
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The preferred enhancer charge fuels are guanidine 
nitrate with RDX or HMX as an energizing agent, 
nitroguanidine, c llulose, cellulose acetate, and hexamine. 
An energizing agent, as usedherein, refers to fuels which' 
5 can be added to the compositions of the invention to increase 
flame temperature, and, potentially, increase bum rate and 
improve igniteability . Preferred, non-limiting enhancer 
charge coi^ositiohs are listed below. 

10 g^^^^ne yi,1;pqt;^/Bpy flnd/or HWX/Ammonl»^ P>^^T, l Q^^i-^ /^^^.,^ , 

30.0 % Guanidine Nitrate 
32.3 % RDX and/or HMX 

21.3 % Ammonium Perchlorate 
16.2 % sodium Nitrate 

0.2 % Sub-micron fumed silica. 

Nitrocruanidine/ATimion iuin Perchlorate /sodium n^ ^r^f,*-^ 

54.8 % Nitroguanidine 

25.6 % Ammonium Perchlorate 

19.4 * Sodium Nitrate 

20 0.2 % Sub— micron fumed silica. 

Njtrocmanidine/Lithium PereMo^»<-o 

64.8 % Nitroguanidine 
34.8 % Lithium Perchlorate 
0.4 * Sub-micron fumed silica. 

25 

gelluiose/Ammonium Pereh lorate/Sodimn Wi/hr-^^ ff 

24.4 % Cellulose 

42.8 % Ammonium Perchlorate 

32.5 % Sodium Nitrate 

30 0.3 % Sub-micron fumed silica. 

CeXX^3.pse Anef ate /Ammonium Perf^ h lerate/SodiuTn Kr| <-r-a-t-a 

22.4 % Cellulose Acetate 

43.9 % Ammonium Perchlorate 
33.4 % Sodium Nitrate 

0.3 % Sub-micron fumed silica. 
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H^ffi;in^/ftBimoniuai Parch lor-ate/Sodlnm Wifcra^a 

15 ..7 % Hexasine 
47.7 % Aamonium Perchlora^e 
36.2 « SoiSiua Niiira^e 
0.4 % sub-micron fimc^ -silica,. 

s 

Preferably, the same coi^onents are used in the 
enhancer and aain gas generant charges. For giianidine 
nitrate, SDK or HBSX can be added to enhance the bum rate and 
coabustion temperature of the propellent. The most preferred ' 

a.® eniiancar charges conqprise the aost preferred aain gas 

generant charge compositions described above vith a portion 
of the fuel replaced with either RDX or HBSX. The preferred 
amount of RDX or msx is about is to about 45 percent by 
weight, most preferably about 32 percent. To maintain a 

a.S propellant that is in a near stoichiometric balance, the 

percentage of oxidizer must be adjusted to compensate for the 
change in fuel composition. The most preferred enhancer 
charge composition is the gtianidine nitrate composition 
listed above. 

S@ ni'troguanidine based gas generants, 

HH,ClO,/NalJp„ NH<,C10^/l.iN0„ and »5,ClO^/KMO, or LiC104 oxidizers 
typically do not require an energising agent, such as RDX or 
HBSX, because these compositions bum at a sufficiently high 
tempera tvtre . 

§§ The preferred enhancer compositions have a near 

stoichiometrically balanced oxidizer/fuel ratio. When used 
in a filter less driver side vehicle inf later, the preferred 
enhancer compositions are used in the form of granules. 

The following non-limiting example is merely 

3® illustrative of the preferred embodiments of the present 
invention, and is not to be construed as limiting the 
invention, the scope of which is defined by the appended 
claims. 

as * filter less, driver side air bag inf later was 

assembled using the enhancer and gas generant charges 
according to the invention. A main gas generant charge was 
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formed by mixing 58.5 percent guanidine nitrate, 23.5 percent 
ammonium perchlorate, and 17.8 percent sodium nitrate, with 
0.2 percent sub-micron fumed silica, and pressing the 'mixture* 
into pellets having a density of about 1.6 to 1.65 g/cc. 
5 Twenty one grams of these pellets were then loaded into the 
main cheurge cup of the inf later. 

The enhancer charge was prepared by pressing 32.3 
percent RDX, 30.0 percent guanidine nitrate, 21.3 percent'- 
ammonium perchlorate, 16. 2 percent sodium nitrate, and 0 2 
10 percent sub-micron fumed silica into 1.3 to 2.5 cm diameter 
pellets or slugs having a thickness of about 0.5 cm and a 
density of about 1.6 to 1,7 g/cc. The slugs were then 
granulated and sieved to produce granules of the enhancer 
The required quantity of the granules were loaded into the 
IS enhancer cup assembly of the inf later. 

The inflator was equipped with a standard 
automotive air bag initiator, containing a 
zirconium/potassium perchlorate charge. The inflator was 
also equipped with an auto ignition material, having an 
20 autoignition temperature of about 150 ± 5»c. 

When initiated by the air bag initiator, the 
enhancer and main gas generant charges rapidly generate 
substantially pure, non-toxic gases without any harmful side 
products at a temperature that is not harmful to vehicle 
25 occupants. A 60 liter closed tank performance test was 
performed with the inflator described above. In this test, 
the gas generated on initiation was exhausted into a closed 
60 liter tank. At temperatures ranging from -30«C to 80«c, 
the inflator produced pressures in the tank in excess of 200 
30 kPa in less than 30 ms. A graph of these results is 
presented in Fig. 1. 

Generally, any size vehicle air bag can be inflated 
in the requisite time By employing sufficient amounts of 
enhancer and main generant charges, where the ratio of the 
35 volume of the air bag and the required amount of gas generant 
is approximately constant. 
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While it is appareni: that the invention disclosed 
herein is well calculated to fulfill the objects stated 
above, it will be appreciated that numerous modifications auid 
embodiments may be devised by those skilled in the art. 
5 Therefore, it is intended that the appended claims cover all 
such modifications and embodiments as falling within the true 
spirit and scope of the present invention. 
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We claim: 

1. A low-solids gas gen rating composi-tion, 
comprising a mixture of a fuel_ selected for the group 
5 consisting of guanidine nitrate, nitroguanidine, cellulose, 
cellulose acetate, hexamine, and mixtures thereof, and an 
oxidizer selected from the group consisting of eerie ammonium 
nitrate, lithium nitrate, lithium perchlorate, sodium 
perchlorate, phased steOailized ammonivun nitrate, a 

10 combination of ammonium nitrate with potassium nitrate, 
potassium perchlorate, or mixtures thereof, such that the 
combination is a solid solution, a mixture of ammonium 
perchlorate and at least one alkali metal salt, and mixtvires 
thereof, wherein the oxidizer-fuel mixture is within about 4 

IS percent of stoichiometric balance, and produces low solids on 
combustion, and where the fuel is not nitroguanidine when the 
oxidizer con^rises ammonium nitrate. 

2- The gas generating composition of claim 1, 
20 wherein the alkali metal salt is selected from the group 
consisting of lithium carbonate, lithium nitrate, sodium 
nitrate, potassitim nitrate, and mixtures thereof. 

3. The gas generating composition of claim 2, 

25 wherein the oxidizer is selected from the group consisting of 
eerie eunmonium nitrate, lithium nitrate, lithium perchlorate, 
sodium perchlorate, a combination of ammonium nitrate with 
potassium nitrate, potassium perchlorate, or mixtures 
thereof, such that the combination is a solid solution, a 

30 mixture of ammonitim perchlorate and at least one alkali metal 
salt, and mixtures thereof. 

4. The geis 'generating composition of claim 2, 
_ fiirther comprising sub-micron fumed silica. 

35 
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5. The gas generating composition of claim 2, 
wherein the fuel is selected froa th group consisting of 
guanidine nitrate, nitroguanidine, and mixtures thereof. 



S 6, The gas generating composition of claim 5, 

wherein the oxidizer is selected from the group consisting of 
eerie ammonium nitrate, lithium nitrate, lithium perchlorate, 
sodium perchlorate, a mixture of ammonium perchlorate and at 
least one alkali metal salt, and mixtures thereof, 
a® • 

7. The gas generating composition of claim 2, 
wherein the fuel is selected from the group consisting of 
cellulose, cellulose acetate, hexamine, and mixtures thereof. 

8. The gas generating composition of claim 7, 
wherein the oxidizer is selected from the group consisting of 
eerie ammonium nitrate, lithium nitrate, lithium perchlorate, 
sodium perchlorate, a mixture of ammoniiui perchlorate and at' 
least one alkali metal salt, and mixtures thereof. 

9o The gas generating composition of claim 6, 
ftirther comprising an energizing agent, 

10. The gas generating composition of claim 9, 
25 wherein the energizing agent is selected from the group 

consisting of BOX and WSX. 

11. The gas generating composition of claim 2, 
wherein the gas generant is in the form of pressed pellets, 

30 grains, or granules. 

12. The gas generating composition of claim 5, 
comprising guanidine nitrate and an oxidizer comprising a 
combination of ammonium nitrate and potassium perchlorate, 

35 and sub-micron fumed silica. 
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13. The. gas generating composition of claim 12, 
comprising from about 45 to about 54 percent guanidlne 
nitrate, from eibout 26 to about 52 percent ammonium nitrate, 
and . from about 3 to about 20 fiercent potassium perchlorate. 

s ' 

14. The gas generating composition of claim 13, 
comprising about 50 percent guanidine nitrate, about 39 
percent ammonium nitrate, and about 11 percent potassium 
perchlorate. 

10 

15. The gas generating composition of claim 5, 
comprising guanidine nitrate and a combination of ammonium 
nitrate and potassium nitrate. 

16. The gas generating composition of claim is, 
comprising from about 37 to about 46 percent guanidine 
nitrate, from about 34 to about 60 percent ammonium nitrate, 
and from about 3 to about 20 percent potassium nitrate. 

17. The gas generating composition of claim 16, 
comprising about 46 percent guanidine nitrate, about 49 
percent ammonium nitrate, and about 6 percent potassium 
nitrate . 

18. The gas generating composition of claim 6, 
comprising guanidine nitrate and oxidizer comprising a 
mixtiire of ammonium perchlorate and sodium nitrate. 

19. The gas generating composition of claim 18, 
30 comprising from about 54 to about 67 percent guanidine 

nitrate and from about 33 to about 46 percent oxidizer, 
wherein the oxidizer comprises ammonium perchlorate and 
sodiiim nitrate in a moie ratio of about 1 mole of ammonixim 
perchlorate to about 1 to about 4 moles of soditim nitrate. 
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20 • The gas genera-ting composition of claim 19, 
comprising aboul: 59 percent guanidine nitrate, about 23 
percent ammonium per chlorate, and about 18 percent sodium 
nitrate e 

.21o The gas generating composition of claim 6^ 
comprising guanidine nitrate and an oxidizer comprising a 
mixture of ammonium perchlorate and lithi\2m carbonate. 

22 o • The gas generating composition of claim 21p 
cosc^rising from about 41 to about 57 percent guanidine 
nitrate and from about 43 to about 59 percent oxidizer, 
therein the oxidizer comprises ammonium perchlorate and 
lithium carbonate in a mole ratio of about l mole of ammonium 

a.S perchlorate to about 1 to about 1.4 moles of lithium 
carbonate « 

23 o The gas generating composition of claim 22, 
comprising about 47 percent guanidine nitrate, about 40 

m@ percent ammonium perchlorate, and about 13 percent lithiiam 
carbonate . 

24 « The gas generating composition of claim 6, 
comprising guanidine nitrate and oxidizer comprising a 
SS mixture of ammonium perchlorate emd lithium nitrate. 

25. The gas generating composition of claim 24, 
comprising from about 56 to about 68 percent guanidine 
nitrate and from about 32 to about 44 percent oxidizer, 

S@ therein the oxidizer comprises ammonium perchlorate and 

lithium nitrate in a mole ratio of about 1 mole of ammonium 
perchlorate to about 1 to about 8 moles of lithium nitrate. 

26. The gas generating composition of claim 25, 
35 comprising about 61 percent guanidine nitrate, about 24 

percent ammonium perchlorat , and about 15 percent lithium 
nitrate. 
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27. The gas generat:ing composition of claim 6, 
comprising guanidine nitrate and oxidizer con^rising a 
mixture of ammonium perchlorate and potassium nitrate. 

5 28 ♦ The gas generating composition of claim 27, 

comprising from about 50 to about 64 percent guanidine 
nitrate and from about 3 6 to about 50 percent oxidizer, 
wherein the oxidizer comprises ammonium perchlorate and 
potassiinn nitrate in a mole ratio of about l mole of ammonium 
10 perchlorate to about 1 to about 2 moles of potassium nitrate. 

29. The gas generating composition of claim 28, 
comprising about 57 percent guanidine nitrate, about 23 
percent ammonium perchlorate, and about 20 percent potassium 

15 nitrate. 

30. The gas generating composition of claim 6, 
comprising guanidine nitrate and eerie ammonium nitrate. 

20 31. The gas generating composition of claim 30, 

comprising from about 51 to about 65 percent guanidine 
nitrate and from about 35 to about 49 percent eerie axamonium 
nitrate • 

25 32. The gas generating composition of claim 31, 

comprising about 56 percent guanidine nitrate and about 44 
percent eerie ammonium nitrate. 

33. The gas generating composition of claim 6, 
30 comprising guanidine nitrate and lithium nitrate. 

34. The gas generating composition of claim 33, 
comprising from about 61 to about 70 percent guanidine 
nitrate and from about 30 to about 39 percent lithium 

35 nitrate. 
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35. The gas genera'ting cosaposltlon of claim 24, 
cosiprising about: 68 percent: guanldlne nitrate and about 32 
percent lithium nitrate. 

S 36 o The gas generating composition of claim 6, 

cosiprising guamidine nitrate and lithitm perchlorate. 

37 o The gas generating composition of claim 36, 
coanprising from about 65 to about 75 percent guanidine 
a>® nitrate and frbm about 25 to about 35 percent lithium 
perchlorate o 

38 • The gas generating composition of claim 37, 
comprising about 68 percent guanidine nitrate and about 32 
3>S percent lithium perchlorate. 



39 o The gas generating composition of claim 6, 
cos^rising nitroguanidine and an oxidizer comprising a 
mixture of ammonium perchlorate and lithium carbonate. 

40 o The gas generating composition of claim 39, 
comprising from about 38 to about 53 percent nitroguanidine 
and from about 47 to about 62 percent oxidizer, therein the 
oxidizer comprises ammonitim perchlorate and lithium carbonate 
in a mole ratio of about l mole of ammoniiun perchlorate to 
about 1 to about lo3 moles of lithium carbonate. 

41 o The gas generating composition of claim 40, 
comprising about 44 percent nitroguanidine^ about 42 percent 
3® ammonium perchlorate, and about 14 percent lithium carbonate. 

42. The gas generating composition of claim 6, 
comprising nitroguanidine and an oxidizer comprising a 
mixtixre of ammonium perchlorate and sodium nitrate. 

3S 
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43. The gas generating composition of claim 42^ 
comprising from about 50 to about 62 percent nitroguanidine, 
and from about 38 to about 50 percent oxidizer, vher in the 

- oxidizer comprises anmonium .^erchlorate and sodium nitrate in 
S a mole ratio of about 1 mole of ammonium perchlorate to about 
1 to about 3 moles of sodium nitrate. 

44. The gas generating composition of claim 43, " 
comprising about 55 percent nitroguanidine, about 26 percent 

10 ammonitxm perchlorate, and about 19 percent sodiim nitrate. 

45. The gas generating composition of claim 6, 
comprising nitroguanidine and lithium perchlorate. 

1* 46. The gas generating composition of claim 45, 

comprising from about 62 to about 71 percent nitrogusmidine, 
and from about 29 to about 38 percent lithium perchlorate. 

47. The gas generating composition of claim 46, 
20 comprising about 65 percent nitroguanidine and about 35 

percent lithium perchlorate. 

48. The gas generating composition of claim 6, 
comprising nitroguanidine and eerie eu&monium nitrate. 

25 

49. The gas generating composition of claim 48, 
comprising from about 48 to about 6i percent nitroguanidine 
and from about 39 to about 52 percent eerie ammonium nitrate. 

3© SO. The gas generating composition of claim 49, 

comprising about 53 percent nitroguanidine and about 47 
percent eerie ammonium nitrate. 

51. The gas generating composition of claim 8, 
35 comprising cellulose and an oxidizer comprising a mixture of 
ammonium perchlorate and sodium nitrate. 
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52. The 9as generating composition of claim 5i, 
comprising from about 22 to about 28 percent cellulose and 
from about 72 to about 78 percent oxidizer, vherein the 
oxidises: comprises ammonium perchlbrate and sodium nitrate in 

S a mole ratio of about 1 mole of ammonium perchlorate to about 
1 to about 4 moles of sodium nitrate. 

53. The gas generating composition of claim 52, 
comprising about 24 percent cellulose, about 43 percent 
ammonium perchlorate, and about 33 percent sodium nitrate. 

54. The gas generating composition of claim 8, 
comprising hexamine and an oxidizer comprising a miacture'of 
ammonium perchlorate and sodium nitrate. 
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55. The gas generating composition of claim 54, 
comprising from about 14 to about 18 percent hexamine and 
from about 82 to about 86 percent oxidizer, wherein the 
oxidiser comprises ammonium perchlorate and sodium nitrate in 

§o a mole ratio of about 1 mole of ammonium perchlorate to about 
1 to about 4 moles of sodium nitrate. 

56. The gas generating coa^osition of claim 55, 
comprising about 16 percent hexamine, about 48 percent 

2S ammonium perchlorate, and about 36 percent sodium nitrate. 

57. The gas generating composition of claim 8, 
comprising cellulose acetate and an oxidizer comprising a 
mixture of ammonium perchlorate and sodixam nitrate, 

58. The gas generating composition of claim 57, 
comprising from about 2Q t.o about 25 percent cellulose 
acetate and from about 75 to about 80 percent oxidizer, 
therein the oxidizer comprises ammonium perchlorate and 

3S sodium nitrate in a mole ratio of about i mole of ammonium 
perchlorate to about 1 to about 4 moles of sodium nitrate. 



W098AI87S2 



E 

PCT/US96/14011 



59. The gas generating composition of claim 58, 
comprising about 22 percent cellulose acetate, about 44 
percent ammonivm perchlorate, and about 34 percent sodium 
nitrate. 

5 *' 

60. The gas generating composition of claim 10, 
comprising guanidine nitrate, RDX, HMX, or mixtures thereof 
and an oxidizer comprising a mixtxire of ammonium perchlorate 
and sodium nitrate* 

10 

61. The gas generating composition of claim 60, 
comprising from about 12 to about 52 percent guanidine 
nitrate, from about 15 to about 45 percent RDX, HMX, or 
mixtures thereof and from about 31 to about 45* percent 

X5 oxidizer, wherein the oxidizer comprises ammonium perchlorate 
and sodium nitrate in a mole ratio of edsout 1 mole of 
ammonium perchlorate to about 1 to about 4 moles of sodium 
nitratie. 

20 62. The gas generating coxnposition of claim 61, 

comprising about 30 percent guanidine nitrate, about 32 
percent RDX, HHX, or mixtures thereof, about 21 percent 
ammoniiam perchlorate, and about 17 percent sodium nitrate. 
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